Sediment load can provide very important perspective on erosion of river basin. The changes of human-induced vegetation cover, such as deforestation or afforestation, affect sediment yield process of a catchment. In this study, a new sediment rating curve considering vegetation cover was developed to evaluate the impact of vegetation cover changes on sediment yield in Da River Basin. The Normalized Difference Vegetation Index (NDVI) and leaf area index (LAI) can be used to analyze the status of the vegetation cover well. Thus long time series NDVI from satellite was applied to represent vegetation cover in the past years. Potential LAI from ecosystem model (Biome-BGC) was used to explain the vegetation cover without human activities. Finally, standardized NDVI and LAI were inputted into the new sediment rating curve to evaluate human-induced vegetation cover change effect on sediment load.
INTRODUCTION
The issue of soil erosion of the watershed is one of the hot spots, which currently causes the global widespread attention. It is also the primary environmental issue for Red River, with its overall sediment load previously classed 9th in the world. Red River has received increasing attention 1) with many eco-hydrological problems, such as sediment changes and biodiversity disappear. It has been generally accepted that vegetation cover change has brought great impacts on the sediment yield process in river basins. Many researchers have already carried out to investigate the sediment load changes in Red River Basin. Ren et al 2) analyzed annual sediment load of different periods in Yuan Jiang in Red River Basin, which showed that annual sediment load in the 1980s was less than it in the 1990s and forest cover and sediment load showed the inverse relationship. Wang et al 3) used model simulation method to conclude that human activities are the main factor to affect the changes of sediment flow and vegetation cover change is the main human activities in Red River Basin. However, it is not clarified yet that how much human-induced vegetation cover change could affect sediment loads. This study provides a different research view on effects of vegetation cover change on sediment loads.
The calculation of sediment loads requires both discharge and concentration data in river basins. The discharge data can be relative easier to obtain than sediment in situ measurement. On the other hand, sediment concentration data typically result from manually collected individual samples taken at fixed temporal intervals and was still absent at most hydrological stations especially for developing country. In the absence of actual sediment concentration measurements, researchers 4) have used sediment rating curves to estimate suspended sediment concentration (SSC). Among all the sediment rating curves, the most common rating curve represents a power functional relationship that relates SSC to streamflow 5) . Unfortunately, it was recognized that the common sediment rating curve method tends to under-predict high, and over-predict low suspended sediment concentrations 4), 5) . In addition, it didn't consider temporal dynamic changes of vegetation cover. However, different vegetation cover should have different effect on soil erosion production and transport capacity by slowing flow through friction losses 6) . Consequently, one new sediment rating curve considering the effect of vegetation cover should be developed to calculate vegetation cover change effect on the sediment load.
For one fixed catchment, the sediment load is intimately related to the geology, topography, climate, vegetation cover within the basin. The geologic and topographic variables are fixed in the short term, but long-term changes in climatic conditions or vegetation cover will produce abrupt alterations in erosion processes and sediment loads 7) . Vegetation cover change plays an important role in altering surface flow and sediment yield. To evaluate the effect of vegetation cover change on sediment load, vegetation cover temporal dynamic should firstly be investigated. Nevertheless, vegetation cover over longer time periods is difficult to obtain directly. NDVI and Leaf area index (LAI) are two of the most widely used vegetation indexes, due to the good performance of explaining the status of vegetation coverage 8) . Time series of observed vegetation index derived from remote sensing data provides an opportunity to study vegetation cover 9) . However, NDVI or LAI obtained from remote sensing data only can explain the current vegetation cover with dual influence of climate change and human activities. To investigate potential vegetation cover (e.g., potential LAI) under assumed or future climate scenarios without human activities, ecosystem simulation models are required. In addition, ecosystem models have the advantage of considering effects of not only climatic condition but also carbon dioxide concentrations.
The objective of this study is to develop one new sediment rating curve considering the effect of vegetation cover, ultimately to design one new approach to analyze effect of human-induced vegetation cover change on the sediment load. On purpose of this, time series NDVI from Global Inventory Modeling and Mapping Studies (GIMMS) was introduced to analyze the changing trend of vegetation cover in the past years. In addition, potential LAI was simulated by one ecosystem model to describe the potential vegetation cover condition without human activities effects. Based on the relationship between NDVI and LAI, they were then converted into standardized values. Finally, standardized NDVI and LAI were inputted into new sediment rating curve to evaluate vegetation cover change effect on sediment load.
STUDY AREA AND METHODOLOGY (1) Study Area Description
The Da River Basin (DRB) located in humid region is the biggest branch of the Red River which gets its name from the reddish-brown color caused by its high sediment load rich in iron dioxide. The DRB drains 55,000 km 2 , originates in Yunnan Province, China (Fig.1) Forest cover spread over almost half of the total Da River Basin, in which evergreen broadleaf forest is the dominant vegetation type. Deforestation has become an issue of increasing concern in Red River Basin. According to UNEP and World Bank, deforestation has been intense in Red River Basin especially in the mountainous area, where the percentage of forest cover decreased from 95% in 1943 to 17% in 1991. Since 1995, the forest area of Vietnam has increased thanks to forest plantation programs. However, due to poor accessibility in DRB, plantation forests are limited in the Northwest areas 10) . In addition, deforestation reached its peak in the beginning of 1990s for the Chinese part of DRB, and Chinese government called off the felling of nature economic forest and launched forest plantation program from 1998. However, compared with original nature forest, young man-made forest has lower canopy density, shallower root depth, so cannot play the equal role of soil conservation. Deforestation had intensified soil erosion 3) and 
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increased the sediment load in the Da River Basin.
(2) Data Description
Streamflow data and suspend sediment concentration data at Laichau station is available from 1988 to 2004 ( Fig.1) , which is from Vietnam Academy of Science and Technology. We used 0.25 degree gridded daily precipitation and average temperature data from APHRODITE's Water Resources Project 11) . 0.5 degree gridded monthly average daily maximum and minimum temperature data from Climatic Research Unit (CRU) was introduced to calculate the diurnal temperature range (DTR), which was applied to transform daily average temperature from APHRODITE into daily maximum and minimum temperature.
1km elevation data was provided by GTOPO30 from U.S. Geological Survey (USGS). Global Digitized Soil Map and effective Soil Depth of FAO-UNESCO with a spatial resolution of 5*5 arc minutes were used to obtain the soil properties. Global 1km Land Cover data obtained from the USGS National Center for Earth Resources Observation Science was employed and the land cover was reclassified into the following seven types: evergreen needle-leaf forest, evergreen broadleaf forest, deciduous broadleaf forest, deciduous needle-leaf forest, evergreen shrubs, C3 and C4 (photosynthesis type) grassland in the study. The GIMMS data set including a 25 years period spanning NDVI data from 1982 to 2006 was used to analyze the vegetation cover and develop the new sediment rating curve in our study area 9) . All the geographic data were re-gridded into the same spatial resolution of 0.25 degree.
(3) Ecological model (Biome-BGC)
Biome-BGC is a biogeochemical point simulation model developed by the University of Montana 12) to estimate the storage and fluxes of carbon, nitrogen and water within terrestrial ecosystems, which was applied to calculate the potential LAI under present climate conditions without human activities effects. It requires: daily climate data, information of the general environment (i.e. soil, vegetation type and site conditions) and parameters describing the eco-physiological characteristics of vegetation. The missing daily meteorological data, not available from APHRODITE or CRU dataset, were estimated by the MTCLIM 13) model. As is usual for such models, Biome-BGC needs "spin-up" simulations to achieve equilibrium conditions where the initial soil and plant compartment pools actually match the mass balance equations. Biome-BGC emphasizes leaf area index (LAI) as a key structural output, calculated by multiplying carbon allocated to leaves times the specific leaf area. Ichii et al 14) applied this model to simulate the carbon fluxes and gross primary productivity in Amazonian, African and Asian area and got reasonable estimates of these parameters. As a result, we also used the model to simulate potential LAI since our study basin is one part of Asian area. In order to obtain LAI values for all grids, we developed the grid-based Biome-BGC model instead of previous point simulation vision for DRB, with the spatial resolution of 0.25 degree.
(4) Standardization of LAI and NDVI
The NDVI is one of the most extensively used as vegetation proxy for LAI. NDVI increases almost linearly with increasing LAI especially for not so large range of LAI and NDVI 15) . For the purpose of comparison LAI with NDVI equally, LAI and NDVI were transformed to standardized value using this linear relationship in our research. 
(5) New sediment rating curve
The common sediment rating curve 3),16) generally represents a power functional relationship, relating suspended sediment concentration to streamflow:
However, this common sediment rating curve not considering temporal dynamic changes of vegetation cover is not suitable for our research. Wang et al analyzed that the condition with lower NDVI would provide more sediment flux even the same discharge, and finally found that one new format of sediment rating curve considering time series NDVI could give more agreement simulation result 16) , as Eq.(4). (6) in which SL (g/s) is sediment load. To provide a more comprehensive evaluation of the model performance, three statistics are used to indicate the accuracy of this curve: coefficient of determination (R 2 ), percent bias (PBIAS) and the mean absolute error (MAE). Based on the well fitted sediment rating curve, the effect of human-induced vegetation cover change on sediment load can be calculated by the difference value ( 
SSC = a(1-NDVI

SL = Q × SSC
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RESULTS (1) Determination of research period
In order to evaluate human-induced vegetation cover change effects on sediment load, we should first determine which period was the period of most strong human activities. According to the previous study 3) , 17) , the period after 1993 was recognized as the most serious period of human activities effect in DRB compared with the period before 1993. And we also analyzed the change of NDVI from 1982 to 2006 and detected one obvious downward shift. Additionally, the average NDVI before and after 1993 also indicated vegetation cover affected by human activities was more serious after 1993 (Fig.2) . As a result, the same period from 1994 to 2004 was selected as the target period to evaluate human-induced vegetation cover change effects in this research and it is also more convenient to compare results with the previous study.
(2) NDVI and potential LAI analysis
As mentioned above, the point Biome-BGC model was first developed into grid-based model for the basin scale to evaluate vegetation cover change effects on sediment load. Grid maximum monthly and annual potential LAI were generated from the model to analyze the vegetation cover conditions. The linear trend of annual NDVI from GIMMS and potential LAI from Biome-BGC forced by real climate data alone were calculated with significance level of 0.05 (Fig.3) , which expressed some inverse trend between NDVI and potential LAI from 1982 to 2006. Almost all the area in the basin showed one obvious decreasing trend for the NDVI whereas most grids had one increasing slope for potential LAI. On the other hand, the maximum decreasing trend of NDVI is 0.12/year, much higher than the increasing slope of 0.01/year. And the maximum increasing trend of LAI is 0.13/year, much higher than the decreasing slope of 0.05/year. This unsymmetrical result above also showed that human actives aversely changed trend of vegetation cover.
After the process of potential LAI and NDVI standardization, standardized potential LAI and NDVI were compared to explain human-induced vegetation cover change. From the standpoint of comparison between the average M LAI and M NDVI during our study period, results showed that M LAI was larger than M NDVI not only for almost all the months but also for wet and dry season (Fig.4) . As shown in Table. 1, two statistics were used to evaluate the changes of vegetation cover without human actives effect. The changes between M LAI and M NDVI for wet season, dry season and annual average were different, which indicated vegetation cover changed most serious and human activities affected the vegetation cover stronger in the dry season. Results showed in Table. 1, Fig.3 and Fig.4 can comprehensively explain that human activities affected a lot to the vegetation cover from 1994 to 2004 in DRB. (7) From the viewpoint of comparison between the simulated and observed monthly SSC, results displayed that the simulated SSC from the new sediment rating curve had a good match with the observed values, as showed in Fig.5 . In addition, as shown in Table. 2, three statistics to evaluate the sediment rating curve mentioned above gave the agreement results. The high R 2 (0.894), low PBIAS and MAE better than the common sediment rating curve result 3) suggested that this new sediment rating curve can evaluate SSC more accurately in Laichau station and can be further used to evaluate human-induced vegetation cover change effects on sediment load.
(4) Effects of human-induced vegetation cover change on sediment load As well known, the calculation of sediment loads requires both discharge and concentration data. According to Eq. (7) Table. 3. The results showed that the proportions of vegetation cover change effect on annual sediment load accounted for 13.7% in Laichau station. Besides that, the increase in sediment load for wet season, dry season and annual average were different, which indicated human-induced vegetation cover change affected the sediment load stronger in the wet season.
DISCUSSIONS
The interaction and feedback between sediment load and vegetation cover is not so easy to diagnose and quantify. On purpose of this, one new approach was first proposed in our research, which may support guide for some other similar research.
Two vegetation parameters were introduced to explain the temporal and spatial of vegetation cover in this study. The potential LAI from Biome-BGC ecological model expressed one inverse trend compared with realistic vegetation cover change, as showed in Fig.3 and Fig.4 , which illustrated a situation that human activities affected the vegetation cover very much and even reversed the changing trend in the last 25 years. Some research 3) also got similar result in our study area.
Considering the results from Table.2 and Table. 3, we could find vegetation cover changed stronger in the dry season than wet season whereas sediment load changed more in the wet season, which implied that changes of vegetation cover are more sensitive to SSC in wet season. Compared with the previous results 3) , human activities caused 11.7% changes of sediment load lower than 13.7% of this research. Previous research used the common sediment rating curve without considering the effect of vegetation cover change; however, this study considered dual effects from changed discharge and human-induced vegetation cover change. Besides, cross-validation of the results from these two studies could further explain that vegetation cover change truly induced the increasing sediment load in DRB in the past.
Laichau station draining 2/3 area of the DRB was considered its sediment load as most of the sediment flow into HoaBinh reservoir the biggest reservoir in Vietnam. So changes of sediment in the upstream of this reservoir play a key role for reservoir operation. Therefore, due to increasing sediment flow into reservoir and the reservoir siltation itself, the useful lifetime of the HoaBinh reservoir would be shorten quickly, which would cause the flood risk increasing, 
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hydropower generation reduction in the Red River area. From the results above, quantify of human-induced vegetation cover change impact on sediment load was successfully carried out and analyzed for the Da River basin based on one new research review.
CONCLUSIONS
In our research, one new method to quantify of human-induced vegetation cover change impact on sediment load was proposed and successfully applied in the Da River Basin. In conclusion, the NDVI and potential LAI from ecological model were investigated and effect of human-induced vegetation cover change on the increase of sediment flow into HoaBinh dam was estimated in DRB.
Main conclusions are as follows. Firstly, an obvious downward trend of NDVI and upward trend of potential LAI were detected. Secondly, one new sediment rating curve considering changes of vegetation cover was used to estimate sediment loads from the streamflow and vegetation cover. Thirdly, vegetation cover changed stronger in the dry season than wet season whereas sediment load changed more in the wet season, which implied that changes of vegetation cover are more sensitive to wet season. Effect of human-induced vegetation cover changed 13.7% of sediment load in the Laichau station.
The present paper presented one new method to quantify of human-induced vegetation cover change impact on sediment load, which may provide guidance for future similar studies. In addition, evaluation of human-induced vegetation cover effect on sediment load is critically important in directing efforts in managing land use, in improving agricultural practices, and in protecting soil erosion in the Da River.
